Summary. The 
Introduction
Maintenance of a proper temperature within the testes is essential for normal sperma¬ togenesis (Waites, 1970; Setchell, 1978) . For this reason, the ability to monitor scrotal/testicular temperature would be expected to contribute to our understanding of and ability to evaluate scrotal/testicular function. Infrared thermography is a relatively new, non-invasive, radiological technique that provides a pictorial image of the infrared emissions from an object's surface. Analysis of these emissions provides an accurate estimate of surface temperature (AGA Infrared Systems AB, 1983) . Presumably, the surface temperature of the scrotum reflects the temperature of underlying structures such as the testes and epididymides. Infrared thermography has been used to study scrotal/testicular function in man (Gold et al, 1977; Layfaye & Hermabessiere, 1980) and to a limited extent in the bull (Cena & Clark, 1978; Purohit et al, 1985; Wolfe et al, 1985) . However, before accurate interpretations of infrared thermograms can be made, a thorough description of the relationship between scrotal surface temperature, as measured by infrared thermography, and both subcutaneous and deep testicular temperature is required.
The objective of this research was to determine the relationship between scrotal surface tempera¬ ture in the ram, as measured by infrared thermography, and subcutaneous and deep testicular temperatures.
Materials and Methods
Nine mature rams of mixed breeding were used. After intravenous administration of anaesthetic (pentobarbitone sodium, 65 mg/ml; Anthony Products Co, Acadia, CA, U.S.A.), rams were prepared for surgery by thoroughly clip¬ ping and scrubbing the anterior scrotum. Before surgery, the control infrared thermograms of the scrotal surface were obtained. The right testis was removed from the parietal tunica vaginalis through a 7-cm incision in the neck of the scrotum. The resulting space was filled with a water-filled balloon ( Fig. 1) (Fig. 1) . Water was pumped through the surrogate testis by inflow tubing using a peristaltic pump (Harvard Apparatus Co., Inc., Millis, MA, U.S.A.). Flow rate of water through the surrogate testis was regulated by a clamp on the outflow tubing (Fig. 2) (Fig. 2) (Fig. 3) . There was little apparent influence of surrogate testicular temperature upon the deep testicular temperature of the contralateral intact testis. Mean deep testicular temperature in the intact testes was 34-9 + 0-09°C and ranged from 33-9 ± 004 to 35-8 ± 0-03°C among rams. (Fig. 4b) , intermediate (Fig. 4c) , and high (Fig. 4d) (Fig. 3) . Mean scrotal surface temperature over the intact testes was 30-1 + 01°C and ranged from 28-4 + 0-2 to 31-9 + 0T°C among rams.
Corresponding mean surrogate testicular, subcutaneous and scrotal surface temperatures of the 9 rams are shown in Fig. 5 . At 0, 3, 6, 9 and 12 min of the experiment, surrogate testicular tempera¬ ture (27-1 ± 0-3, 27-2 + 0-4, 27-1 ± 0-2, 28-2 ± 0-3, 29-5 + 0-3°C, respectively) was similar to sub¬ cutaneous temperature (27-8 + 0-4, 27-5 + 0-3, 27-5 ± 0-3, 27-8 ± 0-2°C, 28-9 ± 0-3°C, respectively). By 15 min, surrogate testicular temperature (31-0 + 0-3°C) became greater than sub¬ cutaneous temperature (29-8 + 0-3°C) and remained greater until the waterbath temperature reached 45°C and the intake tubing was placed in 25°C water, which caused surrogate testicular temperature to drop rapidly to less than both subcutaneous and scrotal surface temperatures (Fig.  5) . Little variation in temperature was noted among rams for surrogate testicular and subcutaneous temperatures until the maximum temperature was reached. Variation increased among rams there¬ after as the water temperature in the surrogate testis and the number of rams remaining in the experiment were reduced. Scrotal surface temperature (Fig. 5) Pearson correlation coefficients calculated between surrogate and subcutaneous, surrogate and scrotal surface, and subcutaneous and scrotal surface temperatures were 0-89, 0-83 and 0-95, respectively (P < 001; = 9). When scrotal surface temperature after a 3-min lag time was used, the correlation coefficients calculated between surrogate testicular and subcutaneous, and surro¬ gate testicular and scrotal surface temperatures increased to 0-92 and 0-91, respectively (P < 001; = 9).
Discussion
The results of this study indicate a close association between scrotal surface temperature measured by infrared thermography and both subcutaneous and deep testicular (surrogate testicular) temperatures in the ram. This relationship has not previously been documented.
Deep testicular temperature (34-9 + 009°C) in the intact testis was similar to reported mean testicular tissue temperatures in anaesthetized (341°C) and conscious (34-2°C) rams (Waites & Moule, 1961) . The differential between rectal and deep testicular temperature in this study was 4-2°C. This differential compares favourably with differentials reported previously (3-9°C, Moule & Knapp, 1950; 3-8°C, Foote et al, 1957; 5-6°C, Waites & Moule, 1961) in conscious rams. The slight increase in deep testicular temperature in the intact testis accompanied by increased variation in the later stages of the experiment (Fig. 3) (Fig. 4) 
